Burullus Lagoon is one of the five Mediterranean Lagoons of Egypt which used for many purposes including fishing, recreation and contains many organisms. This investigation was aimed to assess the variation pattern in trace metals contamination in different sectors of Burullus Lagoon. Number of 34 representative water samples were collected and analyzed for 7 trace elements according to the standard method. Spatial distribution maps for these metals were created using ordinary Kriging method in ArcGIS. The obtained results indicated that the dissolved heavy metals in Burullus Lagoon were in the range of; Fe (10.55-48.6 µg/l), Pb (2.62-10.76 µg/l), Cu (0.80-48.21 µg/l), Zn (1.65-29.9 µg/l), Co (2.26-7.74 µg/l), Cr (nd-0.82 µg/l) and Cd (nd-9.91 µg/l). The Lagoon is receiving huge amounts of drainage water at the southern parts in comparison to the northern parts. It was also showed that, the highest mean concentrations of most dissolved trace metals take the following sequence: Western > Middle > Eastern. It is highly recommended to control the destructive human activities around the lagoon and to treat resultant wastewater before discharge into the lagoon.
Introduction
Burullus Lagoon is one of the five Mediterranean Lagoons of Egypt and is important because of the favourable site for the migrating birds and the same time a significant fish resource (Khairy et al., 2015) . Apart from its significance, it is one of the most severely affected water resource in the Nile Delta (ElAsmar et al., 2013) .
Among the many kinds of pollutions, heavy metal contamination is of more significance due to its wide presence. The progress of industries and intensification of agricultural activities are the main reason of contamination and pollution in ecosystem and water bodies (Zaghloul, 2001; Shafei, 2015) . Usually, these heavy metals will pass to the human through the food chain and will cause various problems (Moore et al., 2009) . If the heavy metals are present in water bodies it will create undesirable effects in the aqatic life forms and ultimately it will reach human through food web (Lavoie, 2013) .
The regular observation of water pollution is an inevitable part of pollution research, as it is the critical factor in human health related issues (Abdullah, 2013) . The aim of this work is to determine the concentrations and define distributions of heavy metals in surface waters of Burullus Lagoon to spot the areas most vulnerable to metal pollutants.
Materials and Methods Study area
Burullus lagoon is located along the Mediterranean coast bordered from the north by the sea and from the south by the agricultural lands. It lies in the north central position of Kafr El-Sheikh Governorate (31º 36´ N and 31º 07´ Et 31º 22 ̵ N, 30º 33´ E to 31• 22´ N, 31º 07´ E) (Figure 1 ). Its area is about 460 km 2 . Lagoon Burullus is connected to the Mediterranean Sea through the El-Burullus outlet (Boughaz El-Burullus) which is about 250 m wide and 5 m deep. The depth of the Lagoon ranges between 40 cm in its middle sector and near the shores and 200 cm near the outlet to the sea (Shaltout & Khalil, 2005; Zahran & Willis, 2009 ). Descriptions of sampling locations were as shown in Table (1) .
Environmental impact of lagoon Lagoon area reduction
One of the most hazards that the Lagoon suffers from is area reduction as a result of anthropogenic activities. According to figure (2), it's obvious that the area of Lagoon decreased from the year 1984 (700 km 2 ) to the year 2014 (460 km 2 ) while land use changed especially the southern part of the Lagoon as large area changed into fish farms and agricultural lands. Drainage system within Burullus lagoon Agricultural drainage water from about 950 thousand feddan is collected in the catchment area (EMI, 2012) . The Lagoon is attached to the Mediterranean Sea via Boughaz El-Burullus at the northeastern part of the Lagoon. Table 2 indicates drains and its uses.
Field measurements
The pH value of surface water was measured in situ by using Electrical-pH meter (Model Lutron YK-2001pH meter) digital analyzer with glass electrode previously adjusted with a standard buffered solution at pH 7. While Conductivity was measured directly using conductivity meter (Model Corning, NY 14831 USA) and the results were expressed as ds.m -1 .
Analysis of the dissolved heavy metals
Analysis of the dissolved heavy metals was done by following the standard methods (APHA, 1989) . Heavy metals in the obtained solution were measured using the Flame Atomic Absorption Spectrophotometer (AAS: Perkin Elmer Analyst 100).
Statistical analyses
Statistic and correlation analyses were carried out using the statistical analyses were carried out by using the SPSS software package (SPSS. ver.16) program. Cluster analyses based on Bray-Curtis similarity index were calculated using the PAST program (multivariate statistical package, ver. 1.72).
Geostatistics
The Geostatistical analyst in ArcGIS (ver. 10.1) software package was used to develop the ordinary Kriging method and the semivariogram between each pairs of points versus their separation distances (ESRI, 2012) . This semivariogram was used in predicting the studied heavy metals in waters of Burullus Lagoon. Table ( 3) showed RMSE of the Kriging method while creating maps for calculated metals.
Results and discussion
The pH values along three sectors ranged between 7.9 to 8.3 indicated that water is slightly alkaline especially at northern parts. Values of pH are within the permissible limits (6.5 -9) (Mishra et al., 2008) . EC varied from 4.5 ms/cm at the western sector may due to the impact of drained water from Brinbal canal (fresh water source) to 16.7 ms/cm at the eastern part as a result of sea water intrusion in this area from Boughaz El-Burullus in the northeastern part of Lagoon (Table 4 and Dissolved trace element concentrations are generally taken as indicators of the water bodies contamination (Moore et al., 2009 ). There are many natural sources of metals which will reach to water bodies. Other than this there are industrial and domestic wastes supply metals to aquatic forms (Zarazua et al., 2006) . The concentrations of dissolved heavy metals in water samples of Burullus Lagoon within different sectors are as shown in Table  4 . Heavy metals in water take the following sequence; Fe > Pb > Co > Cu > Zn > Cd > Cr.
Iron (Fe)
Iron is a trace element in water bodies but its high concentrations harm the aquatic flora and fauna (Ajayan & Parameswara, 2014) . It is the most abundant element of the heavy metals in most Lagoons. This is agreed with the findings of Shama et al. (2011) . The highest value of iron (48.6 μg/l) was recorded at Damru drain, while the lowest value (10.55 μg/l) was obtained at west of Abou Amer area far from drainage areas.
These values are lower than that (1550 μg/l) recorded by Basiony (2014). The high values detected at drains locations. This might be due to the flushing of agricultural drainage and industrial wastes (Abdel-Moati and El-Sammak, 1997). The iron values were within the limit of EPA (2002) (300 μg/l).
Copper (Cu)
Cu is a toxic metal for aquatic life if exceeded a certain limit (Horne & Dunson, 1995) The highest concentrations of copper were observed nearby drains and highly distributed in the western part as a result of shipping activities using antifouling paints including Cu. The estimated Cu values in the water are within the EPA (2002) limit (2.37 μg/l).
Zinc (Zn)
Zinc contributes a degree of toxicity to the aquatic life (Datar & Vashishtha, 1990 ). It will affect the human health as well if present in an excessive amount (Nriagu, 2007) . The highest concentration of dissolved zinc was recorded at north part (29.9 μg/l) as a result to drainage water. These values are within the EPA (2002) limit (5000 µg/l). According to the Egyptian standards for copper and zinc (out of 1000 μg/l) in receiving water bodies are very high (European standards are 50 μg/l for copper and 150 μg/l for zinc).
Lead (Pb)
This element can create undesirable effects in high concentration like hemorrhages and congestion of the gastrointestinal tract and kidneys of fish (Abdelhamid & El-Ayouty, 1991) . The highest concentration of lead (10.76 μg/l) was recorded at Megatta area. This may be due to anthropogenic activities. The lowest value was (2.9 μg/l). These results are higher than those (4.13 -10 μg/l) recorded by Masoud et al. (2011) and Darwish (2008) and lower than those (79.9 -12.07 μg/l) obtained by Basiony (2009 Basiony ( & 2014 . The concentrations of lead in the water are within the limit of EPA, 2002.
Cadmium (Cd)
Cadmium is a non-essential element and is highly toxic to marine and freshwater aquatic life (Edokpayi, 2016) . There may be natural causes as well, for this metal. the lowest mean value of cadmium was obtained at the Lagoon open water far away from drains, while the highest mean value was recorded at Houis ElKhashaa (9.91 μg/l) as a result of agricultural wastes especially agricultural fertilizers, this is in agreement with Hamed et al. (2013) . This value is lower than (14 μg/l) recorded by Saeed & Shaker (2008) , but higher than (3.83 and 10 μg/l) recorded by Masoud et al. (2011) and Basiony (2014), respectively. The estimated Cd values in the water are more than the EPA (2002) limit (2.37 μg/l).
Chromium (Cr)
Chromium is mainly coming from sewages and industrial flushes (Pawlisz et al., 1997) . The highest concentration of Cr in Burullus Lagoon was (0.567 μg/l) at west El-Burullus drain which may contain untreated sewage. But the lowest concentration was observed at N/W El-Burullus area. The present value is lower than those recorded by Basiony (2014) . The maximum value of Cr is within EPA (2002) limit (100 μg/l).
Cobalt (Co)
The highest concentration of cobalt (7.74 μg/l) was observed in the eastern part of the lagoon which may attribute to the anthropogenic activities. Cobalt may be coming from agricultural or industrial activities (Akan et al., 2012) . The lower value of cobalt (2.26 μg/l) was recorded nearby Baltim city.
The results showed that the western sector of the lagoon was contaminated with dissolved metals because of drainage water from two serious drains namely Elhoks (industrial drainage water) and Elshakhloba drains, followed by middle sector and finally the eastern sector, it may be attributed to intrusion of sea water that make dilution to water in this side of lagoon. The decreasing of Cu concentration in surface water in the eastern sector is related to the increasing of pH. While, rapid decreasing of Zn concentration in water in acidic conditions, this is agreed with Balintova et al. (2012) . Average values of pH, EC and dissolved metals within sectors of Lagoon Burullus are shown in Table 5 and Figs. 4, 5. From Table ( 3), mean standardized is close to zero as it varied from -0.05 to 0.033 and the RMSS is close to 1 as it ranged between 0.79 and 1.058. When the average estimated prediction errors were close to the root mean square prediction errors from cross validation, then it could be confident that the root mean square prediction errors were appropriate (Omran et al., 2014; El-Gammal et al., 2015) .
The spatial distribution of dissolved metals was mapped using ArcGIS tool to indicate the most areas vulnerable to pollutants (Fig. 3) . It's obvious that the highest concentrations of metals were observed at the outlets of drains, and the lowest concentrations were near the northern parts far from drainage areas.
As shown in Table ( 6) Iron showed significant positive correlation with zinc and copper with cadmium. But there is negative significant correlation between lead with iron and cobalt. It may be interpreted that metals positively correlated are coming from similar sources, but those negatively correlated were from different sources (Dan et al., 2014) .
The cluster analysis of sampling sites according to heavy metals maintained fairly similar trends, exhibiting five distinct clusters (A-E), each composed of similar sampling sites distributed within these three sectors of the study area. The clustering pattern indicated that the similarity index of sampling sites in groups as following: A-C, B-D and E (Fig. 6) . Groups of A and C representing the sites of northern part of Lagoon, whereas groups B and D occupying the most sites of southern part. Group E representing the sites of drains outlets.
Conclusion
Burullus Lagoon suffers from different pollutants agricultural, industrial or municipal wastes. The quality of water was affected by different pollutants especially trace metals. The western sector of the lagoon was contaminated with dissolved metals, followed by middle sector and finally the eastern sector. The concentrations of dissolved metals were highly distributed nearby drains outlets. So we recommended that; wastewater must be treated before being drained into lagoon, periodical assessment and monitoring of different pollutants in Lagoon Burullus, using new tools in tracking the sources of pollutants and great efforts and cooperation between different authorities are needed to solve pollution problems in the lagoon.
